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o t S variables suuh as wealth academic achievemeﬁt, crgani {Qnal sizei intensityir
e /__ ' f o . . ‘f . -! .- ,‘ "_ - ‘. . L = X 1
- : of inngggraup hcstili:y, EEQ-‘ By quantitative we mean vafiables tha; msy Eakgf :
-t ',;:7 .on'a continuum of valuas——usually the Teal numbers byt g& etimes Dnly the non~ ;

) . _%,, T

negative real ndmb rs, whén this 15 so no real iﬂEEresz attaches tg
;! 1,'

any Earﬁiculsr IEvel as was true in Eh% qualitativ& case just dlscussed
et ' * I R
Still sgiimlugists falinwing Eazafsferd's ‘lead (see alsg DsV1s [1971]) have-

3

- . * s £ A Pl s, {.
té%ded Eg ﬂollapse ,,férmazloﬁ on i’c%ptinuuéfinta a féw braad eatégari T

T A
e
- .
. RO L .'
i : PR .

g hreak the wealth d Erib tion at the median Iﬁ recent years,l“ o

nL“

’ : : \uzgggfthe influenﬁe ai ez@ﬁcmairid méthads Ehlﬁ Eendency has waned
v i_SQClchﬁlstﬁ are now nar& pfcnc 'to use more, gf Ehc 1nfurmat;ar ran-r ) .
v . r & v
4

&aineﬂ in the dist:ibutibns Df sué¢h- variables :that"ls,ﬁtc analyze the

- ’ A\ T T o - . ':\ -
AN jginﬁ distfibuticns of ql;anﬁijzatlve var,,blas The sa—;slled strucé*f R
. . tural Equatian apprcach has ccﬁcentrétéd almdst ccmpletely on Such
’ Y iy . f B N . . ) } . B 4.
y“ aﬂalysis (see Dunﬂan (1975) fOf ‘an Dverview fothe princlpEES 1nVQ1ved)

) ;' : g -
Y

t . !: - 7 .7 There is ﬁothing inhérenﬁly sﬁatic 1n the use’ af structural

4 . ;; i . ' -

Equailah mé;hads_*-In fact, in Ehe flelds in whléh they‘wer& develape ==

S

be g - ! PR .z : B *

biﬂmetr}cs and macrc-ecanamlcs - Ehey are raut;nely used Ec(ﬁast dyﬂamlc o
& 4 . e
R —

LI B &

T hypathaéés (th ugh usually in dlSEfEtE time farmulatiuﬁs) Vcﬁétheless SR

4

B - . X
sccialg%lcal usa ge f ch- methads has been almcst w#%gly Statlcx\§EVEﬂ -
A ; ' . c . ' ) ' . o 4 ) ==
. ‘o .when data over time are=analyzed, e.g., the pioneering study of star
‘k - 7 ’ . I ) - X: L x ‘ ’ . .
. agtéin@%nﬁ by Blau and Duncan (1967 ), inferences do not concern the 4
‘ M S, o _ g ;
\‘) ' ) ! N !.5 ’ -
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., :antaim lsgged depenﬂent variables, bq: Eéék to ansrgr anly static T i'€€ ?f'ff
questiaﬁs, Unti iEcent years Coleman (1964 1958» was the nnly Sgclalagist
e : <

: it

;a urgé that seriaus atiﬁntiau ‘be’ given ﬁn che stud af Ehanges;Lna o kR

‘a . H
= \

F;égrﬁ;ﬂ an

.

annan and Freeman 1978} These recenE develb ments have camblpgd

' 5'Ealgman 5 insigﬁts with structurgl equat;on perspe ﬂ: s on’ anslysing ;;f*,

' | : : - [

P f ‘,f.

. éausal stfucture._ Wa seek to strer gtﬁén the marr;ag \of struEEural
. & - " k,' : \ N . . 1 . - ;. :
Y equ ation methods aﬂd ﬁantinuousitime dyﬁamlc analys L-' e

L . Lo g.‘- . [ ) [

'F 1 Determiﬂistic Df Stcchastig Madels*";' ' ,f  '-.'

=

Dﬁe Qf QUf Dverriding gaals is- sn lntegratad Eféétment Jof”

. qualltsﬁive and quantitﬁggve autccmes,, Here we encounter a magar 5tumbliﬁg R 4
IS e, , .o Coa B
- _blgcki Our tféSEmEﬂF gfréiscretexautégmes was tésclut,ly prﬁbabiii§§§c:' : v

A

"‘randomness Eﬁtgfﬁ as 3 definlng :haracteristlc af fﬁndamévtal prccesse&

2 "<' " o

"1

T prcbabilistlc

' By cantrast the ususl Etestment cf quantitat

-+ 5 . . .o
=,

_ iny in a Er fgfma sense . Ihé fundamEﬁtal behavigfal mcaels are d&%_ : -
©«terministic and-r ndamness anters ghlf to ae;Eunt for Iack af exact fit .

B

- or impropéf measurement. That is, prabability égns1ﬂer tlDﬁSxéfé
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matter to’ "i:'ec:l;ify this differerme 4 fofmlate ,
ng‘e in’ quantit:al:j.ve varishles. Bux: this task is
: differgnt:ial Equatii:ﬁs that result demand

Y

Bven ‘an eieman,tary Ereatmeni requires

Cor
M

7:aphisEicaﬁio’n.’. Sb we fiﬁd oursgl?ves on t
-5

h:‘:f"s of a dilem.ma \ Dur interest in séﬂ:hesigiﬁg ﬁn‘al,it:atiire and

ol <

[ N 7
qusqtitative analyis su#ﬁ?s that ve use Stﬂﬁhastir_‘ diffEfEntlal

Equa idﬁs Buz thE ]shift to such mcdels incraducEs a quantum leap i.fl‘
; ¥ ¢

p o ] v Ty
math mgtitzal af;d ststiglcal‘scgmplexity And HE t:annat guarantea that =
. . i . -
' ,'ditianal cnmplt/ ty wi.lll psy off in terms af deepef 1nsight i:nt;o',

s:u:ia Vprm;ass. Coldmay/ (1964 IQEE)jappsrently takas the view that
= éh‘* <o

it wﬂl m:g he ;‘reats qua'litaﬁiv% anglysis prabab;l;stically and

iqua‘ﬁt;_iti_at;?e--x analysis det,emin;sticg%lyi o e

B R IR | Lo -

:One might' arpue that infaﬁﬂaéi@n»gb@ut the sizes of t;h'aﬁgés' .

Vet E . v
\,- S L

. may compensate Efci'r some lack~6f’5réalism conée%ning ifSndcmess in the

process. M‘:recver,‘if ve keep a dgtermlnisti.é perspectlve we can

¥ &fsx‘;;im;:té models with widely availablé tfmls In Dther words we f;nd

® aursgelvé?lﬁ a gituation in whig:h tﬁe likely costs of feté;nlng

-

st@chastlc gerspéztive are: high &and the ccnventian wisdum halds that
1 ‘?,

{ the gams are llk?l‘y to be small. ' However, “we ‘are nbg tonvinced l;ha_,t'"'

*

. -the canvencitgnal gost and henefit calﬂulatlans have much E‘lEflE We

will argue-the case somewhat ?’iffe:ently. o C e ' e
i T : - } ’ A B oy T s
= '§ § K - R . . ‘_’q r
L . | AN
3 , \ . o e
& & f‘;}
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‘ }Thé ﬁﬁéiridi:gj issue cnn:erns lagical innsis;ency in the handling

of quantitative and qualitgtive autcames Con dar)studiég Qf changes.

in ségioeeanamie-status. Saciﬂlegists SDmEtimEE :oncep;ualizé and

Y

: measuze SES as g qugnﬁitative vs:iable (see, far Example, Blau and Duﬁ:sﬁs

1957)‘ Dther times they think$an1y nf ordered stgtus categﬂriés (see,

ol

for exgmple, Duncan 1979) And surely the two canceptions are related,

Suppase there 1is some underlying status ﬂontinuum ss n Flgure 1.

& ?

Ihen ths discreze state. sppraach invalves making :uts a@ vatious pn;nts.

! = L +

“on the cantinuum (say between "luwer" bl calla: and "upper" bluge

callgr). Ihen status :ateg@ries msy be considered interﬁes on EEE status
Rt "

_ 7
- dimension *ﬁnd we simply name. or number thése catagorles and typically ‘ AL

‘study transitinns among zhem (e g , father to scn mobility). In such -

studies, randomness plays an essential role, Mobilicty amc?g categories .

s

is almost alwsys viewed as a stozhastic . process, - : é; e
SuppéSé one werg to make successively finer guts as in Figure 1b,
— . R _
praduzing more and more staﬁus zateggries Certainly ,if transitions

4 #

L

Y

astic grocess, moves

L amqng EéngE‘Eatégofies_éfé governediﬁy a stopfl

émﬂﬁg finer categories must also be stochastic. But the 1imit of this

. . . S N , ‘
Einément procedure gives Ehe=centinu§us status variable. So by ﬁhe

N - L"‘s,.,_)—’ * /
abcve argumenz, tfansitians frnm one “level" of- §ES tn angghetimust -

g
also He gcwerned by'g stazhastic pracess. Ngthfgé in’ the Tiisaggregatla%"
\

of status eategg:;es eliminates randomness. Thus s 1gng as we retain
the view xhat_tfﬁhsitinns among djscrete states in social ’structure are _
L . , ) s

Ao i . , L N :
sta:hsf ie, it isrdifficult ta avcid the fmplication that changes in

"levels in a, social structufeigre alsa %faghastici
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A ! , , .
la /meaﬁ gnd that 5@@& proces 5 may be seen more claafly in’ V flances

3

*,

% H
. strusture affects the variance of behaviers ‘and gutcomes as well as the

-

£

4

e -

- i A
‘ine quality) more 1nteresting than its mean. We have arguéd (Hé;nan and .

oy

)

\"ffgi ,y
Thia :ance:n far consisteney is father gbstrsct fﬁ Ehe cnntexﬁ of

current sncialogical practicé,and appegrs qnlikely ta sway Qpinions

xi’.‘ N
S Ef qualitative: and quaﬁtitative autcemes, e.g., changes’ ini

marital stat,, and changes in levéls qf earn ”ings, But’ how can we X
L] ' %
dEfEﬁd a model that. cnmbines stochastic, équat;nn§ far cbahgg in disarete

Dutgnmgs with deteff
if .
Dbfiausly we :anngti

nist;c equgtigns £of ngntitative outcomes?

e f‘ .= PR vl'.
:

= =

pursue same difficﬁuc ‘and joyless *,ratggy because it is semehéw the

:ufrect way s But Ehére afe positive benefits to be galned frem pursuiﬁg

this 11ne. Fgremest among them is possible added leverage in test;ng

:erta;n_tjpés of aqguments about deep pfapéfties of ,social stfucture
- . ! | -

It iS'often Qoted (see, fnr Exémplér‘SEinchcambe 1968) that social &

L

5 i
o

-

~Most Sgﬂial stlent;sts find the shape cf Ehe 1ncame dlSt%lbutan (e.g.,.

Fisjmgn 1977) Ehat thE Evalutlon of size d;sgribuﬁlnns of grganlzatlans

éélLﬁ much abaut the- ccmpetltive natuﬁe of .the niche! struaiufe that may

LA

“‘not be observed directly. We suspect that it is @fceifﬁheiﬂase that

. & .
Ehaafetlﬁally impartaﬂt gtructural *gQPEfEiés that arerdifficult to
’ W

stribution of some
s n

T

QbSFIVE dleEtly have impl}catibns regardlng the d

outcome. - , vV = A

4
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« It is wiéh :egard ta these sorts of issues that a focus oft random=

. : [ .
ness'pays.kif Deterﬁiniatia,quels cannot explain distributionsf o

. ?(except in the weak sense §h t- jiven some assumed init%al distrlbucion,

a determiﬁistic model can: explain cﬁgnges in the distributian) In the

::ase of stachgstic_madela far changes igéhuanticative uariables, the
o * -
fundamental Eqﬁationa cancetn the EVDIuEiOn of grgﬁability distributlanss

-

Thus theyﬁkrovide a natural cancext in whichﬁ{n pursua the study of dis-
» tributional pfaperties of igcial gtfucturé ' f*%v Y !:.P g
: . = - lf.. .:.
Fa:\theseffeasans we=chaa§é to venture into the hazardous terrain

af stochasti§=mndels for éanges in q aﬁtizat;ve variablesg Butiye

- will keep obur discussion at a ery alementary Ievel And e begin

with determin;stic models so that we may f;x Sﬁe general strategy in a

“ ) 4
simpler and more tfaditianalrframework; , : &
L . * . . 4 [ ‘f;:
: : . e . S L ,\\,‘h
L2, ;;gggr.Mnéﬁls for Rates of Change ‘/{, h
S@cialégists usually madel the effects-éf*%atiables éﬁ Ehé lévels
W of acher vafiablés, Coleman (1968) pfagnsed that we follow the lead of
£ L -
physlcal and b;olcgi;al scientes and model Effacts-gnrfa;es of ) e
DAV‘ . : E%: . }
. L .. v
change, 1In’ this perspeciive the behavicri;fﬁr fundamental relation;
T Ty
are differential equationf. Th this section we. explafe pogsible sociological

Interpretations of differential equaﬁién m@deis féﬁ ghantiative variables.

. } ) . 3 ) “ 'A 7 )

»  Since we wish to emphasize the relations bétweerr dynamiq and static’
y e ' A »

,e direct attertion fifstﬁfﬁgdyﬂamié models Eha

I~

' models mply the

==13

" usual s tr!agﬁral equatiaﬂ madels Es stggdy gtate Dutcamg ~We start with

- b

51ngle equafian models.. In’ Empifical work, the typicdl structural model
) -

has the f@fm_(ekcludiﬁg the digﬁurbanzeatérm for the moment):

o ' J = 5‘ + E Xy o+ 8K, + . Lt B { _' ! (D
. . ,l, : o \ - L *
o g v ™ '%f; rv
f q Y H [ S




= . o R

L . , _ ; .
The "parent" dYﬁEmiE maﬂel is’ o L Lo
*‘jg.ﬂl' -4 ’ . .. ’ - v i - B i
o %-t%l_-.a-ﬁ?g(;)if: (t)+-c (t)+g;.+23(t?; .(2:):_-

- .which we can see by sétting (2) Equsl E@ zerg,{the condition “that %;W‘
- . 1] = ) 7 . i [ . Yy % !

. hdlds in equilibrium. This gives: . o - '
. Y e - ;,.'*g;;,s;i X06) Ly Xp(t) D 7T _ e X (8), (3)
| re( TR R I g B g gy AN

Eampafiﬁg (3) “with ( 1) -we:see that thé garameters nf the static mﬂﬂel

mgy be thaughc of as, composites of the’ parameters of an. underlying dynami;

qual.in;mﬁcb=§p§ mé%;ér that feducéd?fofm parameters of a system of A '
! Vstrucﬁ;rai E§u§ti§gs afe ccmpbéites of stfuctural pafametars“) I i
-\”.A3~WE dafk éxﬁeﬁgivély with models of the form of(z), it is. %
* important to éxplafe the modgl in some dapth It lds ‘that the rateg
M B ]
of change in some gutcomgs depends l;nearly on its own levels at the‘séne
mamentvaﬁd ;Qg Ievels éf a set Df exogengus varlablés also aé ghe ‘same Q#%_\
mﬂmentx “We could igtraduce some Explléiz laés in EhESE‘Effectsj"HGWEVEr;
as the ;Esultiﬁg differential-difference equations are more cuﬁberspﬁé,
. , ) : .

< f . ' , 7 o T e
e will not go ‘as to keep the ekposifion simple. Although we will pay
partiﬁulér Ettention to linear models such ‘as (2) ", because of théir

e ) !
trar;cabilijty, #e Wlll also - ccigjid r below in Séctiaﬁé some important ,

1 2
non-linear modeis 9.

}-x - % —‘g ] é,_,
: i

How 'does one motivate: such a .model for ,the study of social proaess? .
We &}11|§@ﬁsidéf two differenl approaches: negative féédback and partial
ad justment. Coleman (1968) mctivates linear negativg feédback m@deis as

e

) follows. It is acmmﬂnly fadﬁd in preated mEasufEmEntS of the same unit
52-‘ < oo
Ehat those who were far above - (Dr balow) the mean onfthe flrsﬁ measurement

a

tend to 'bé. closer to the mean on the sgcond. - Such a resg&t, called B

=

regression towards the mean, may. be an ‘artifact of random measurement
errors (see Lord and Novick, 1966). !
Ly




But the phenomenon also occurs in itueeione where measurement eeeereey ;e

caF

ie,yefy hight Is. there any more fundamental erineiele invoived? Consider
Ty 4 .
. ) - i S L] ” ?*
equation™t{Z). If b is peeieive, any system that begine ebeve the equilibrium
- LY v
level wiil grow indefinitely, any Ehet begine beiow equilibrium will deeey

o zero. That ie, 8ystens in'whieh the feedback is positive aré unstable. .

? :

[

5t ehility requiree that Eﬁe feedback be negetive.s_Aﬁd negative feedbeek 'F‘

pfoeueee regreeeien tewefde some efiterienn=pe:hepe reflected in the .

mean. - ' ;? oL, S i S

) Deee negetive feedback have any unembigueue eoeielogieel interprete-
. < )
tien? Co%%men ffers two related. interpretetlone. Firet we may

interpret negative feedback as ehereecerietie of equilib:eting systems.
In pettieuler ve may congﬁder it e éefining attribute of "fupctienel"

eyetems in which elements of social etruetufe are retained threugh

their beneficial eoneequeeeee SElth;ﬂth (1968). pursues this line of

.

-reasoning in depth. Second _we mey treat theuexieEeﬁee of pegetive

. . ¢ ) ,
feedbeeilee evidence thet we have omitted cycles of causation frem the o

model, hat is, negﬁtive feedbeek mlght be een51defed the eeneequenee

S

ef effects of Y on say W whieh in turq affects ¥ Ceiemen (1968: 440-1)

¥

argues:
...the verieble acts as a eurregete for all the variables
involved, in eyeie ediﬁg back to itself. Ehie eppreeeﬁ

5

; does not aid mueh in Ehe dewel;pMént eﬁsiheefy, because it

B
;ﬁ,_r_ .

[ ¢ eheeuree the reletienehipe of which the eyetem ts eempeeed . ' -
' As the formal egete@ becemee mefe-eemplete, this paegative .
qfeedbeek] ;eeffieiene eheuldgeppfeeeh zero. Thus Ehexeiee %f

. -
the ceefficient allows a way of evelueting "the eempletenes§

= [

I1-
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ruf any nepreaentatian of thE @mpirical system by a 5ys€§n

- of differential gqgatiang ' i : :

' =
= = - B

» ' 'So ws’may take negative feedback as either a measure “of ignorance or a \
Syste:;xic: property c;sf an équilibratd,ng‘systﬁmi o '

v Dther researchers affer diract substagtive intefgsgtations of

ative feedba:k Effeets For Efample, SérEﬁsan (1977) an& Hallinan

and Sér :5 (1977) faeus on the iﬁuilibrium telatignshipj(lD;S),.gﬁé"
2 . . ’

; i \ . .
* ,adapt the fGIlBWlng 1nput—aucput imagery. If the X's are the input that-

: persons brigg to, " say, the status éttalnment pro ‘or the learning
. ) . .

process and the c's are fixed, va:iéti@néiiu b will ffegg the outputs .-

o

4 assé%igﬂEQEWith any given 1evel 1
4 i ,
is the Ef{gﬁt of- ablligy ‘on Ehe rate of ‘lea ning in s:habl the payoff

f inputs. Sn for examp%e if ¢

. ,,ta ability varies as an iﬁverse function’ afﬁba If, moreover, b varies

- ) 7 € rie
~ among schools," these vg;iatians may be inigipreted as structéiral’ ;
. . it : .

X
effects on the GPPértuﬁitiES “for- lﬁdgning -3 hase with b Qlase to

k]

R
' g;ﬁén pravide the mas:‘favarable oppartunity structure fo learnlng
In this v;ew,tb,Ls-lnterpfeted as anélndex of oppgrcunity, a pr@pgtty;

. of the structure. : : T . ) "

Dﬁ; miéht still argue, with'Cglé?aﬁg éhaﬁ‘éppqyﬁunity EDDﬂOtéS

a sat_of'uqanlyzgdrQic:aﬁpfaﬂégses %ithiﬁ)sé;uééures; €Qu§ point is

‘pot to contend Ehig*issugzbu§ mé§%1y tc’shcﬁ th§t§ ﬂegen#ing on éneig .
-substantive facﬁs,htﬁéfn%gative ﬁeeé@ég#ﬁéffggﬁ may be iﬁterprgtéﬁ}rﬁ
positively as:an inté:ésting pra?eifﬁggf §;E;§1 structure. The lattergq

view le-ds one to study variations from structure to structure. .,

" =

. Sé,bfcr'eiémplaf Freeman and 'Hannan ,(1975) used such an argumgnt to

motivate the comparison of negative feedback effects in growth rates

™
N
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for numbers of §dmiq}§tfatcrs {n gréwing and declining organizations.
\7 7 fé ; ] . L N : H 7 . = . .-77
, There is a second broad approach to motivating linear-differential

[ L.

1

g

that the outcome of interest adjusts each period to the gap between

‘,. ‘;‘ ¥ 8 : F
- its current level and soffe criterion. Denote the criterion by Y (t).

- H

Tﬁen full ad justment occurs when:

Y(t+AE) = Y(t)-= [Y*(;)'= Y(t)] At

'

. i . &
! dy A )
E e = v () - ()
t
'} “
. SESDcial Syggems rarely adjust fully in any short period. g

i

‘the adjustment model by introducing a parameter that indicates the

f fraction of the gap that is closed in each peried. This gives the

simplest partial adjustment model:

AYCE) o y* ey - Y(t)] o —

the criterion, but no causal effects
; that is on levels of exogenous

depends on environmental conditions,
That is, in general: -

» .}{,, t 3

* y
Y (t) = f(Xi(E);
To obtain'a specification that gets us back to (3); aésume that this

]

T S - ,
_dependence 1{s linear and time-homogenous

* _ Uk o ,!i{ B
Y () =a +c X () + 0L ep X ()

578
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equation models of social process: partial adjustment models,. . Suppose
= . S . i . }

éfj lég%iﬁg At 50: #?ﬁJ ' ' f

So we generalize

So far the model has two parameters, the ‘adjustment parameter and
However, the criterion genéfalbyi§

(4)



: L TTTE -

:Théﬁwbyyéubstitﬁcfng'QE) into (4), we abtain\\

e ' ' 3 #
o dy(e) I VT Fe (4 | , , .o v
S =k X () 4 e - X)) (6)

=a+bY(t)+ é;i¥l;t) et QJXJ(t) , , |

o

* . Thus the neggz;ve feedback model ﬁay also be viewed as & partial adjust-

i

~ ment model where the criterion is a linear function of exogenous variables.
In this framework .the parameter-associated with the dependent variable,

earlier called the negative feedback coefficient, has an important sub-

stantive meaning. It conveys the speed of adjustment of the system to o

Exagenaué changes.. When k is close to zero (but positive) the system ad-
}f justs very slowly; it moves only a éﬁall fraction of the distanc% to thef
crizerﬁen in At. Larger k's imply faster adjustment in the timev

scale chaé:zﬁ for the -analysis (vears, days, etc.) WE argued in

Chapter 3 that speed of adjustment depends on properties of structure,

e.g., complexity of internal structure and density of connections with other struc

&

the effects of internal structure from effects of environmental properties
L3 .

on speed of adjustment. Such separation can be achieved by designing

il
r

{
3

Q { i
ERIC
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Tesearch" that pémits Dnly one diménsicm (incamal or extamal)\ta vary
. ; .

———and ESEimating partial adjustment models for various conditions. For

éxamplg, Nielse ”Enézﬂannan:C1977) argued that educational organizations

T e

o

tion-and in lévels of e::mgpmlt: productlcn

would adjust fo changes in popu lg;

mare rap dly in wealthy nations than in P@éf:négiﬁﬁsya A cgmpariscn of

estimates of k for rich and poor nations confirmed this hypoth513}» WE

~also exploited differences in complexity among levels of educational

systems, primary, secondary, and university systems, to test for effects

of strictural complexity on speed of adjustment. Within either generalized
 EnfianmEnE (rich or poor), ‘the more complex systems adjusted more slowly

: . g
‘to exogenous changes that affect the long run levels of enrollments, as

we hyﬁ?ﬁhesized; This resgaﬁch, like that of Hallinan and Sérensen (1977)

dléé's ed above, gives direct substantive interpretation to the effects
of levels of a variable on rates of change in the’ same variable.
Nielsen (1977) and Rosenfeld and Nielsen (1978) stress an implication

of the ?artial adjustment interpretation of negative fegdback. Consider
the casg in which the exogenous var;ables are constant over the history
.

of the process, and individuals.enter a system at the bottom at some

ystem in a mannér that depends

ey

initial time (t = 0) and then rise in the

on thelr initial attributes, the X's. For example, we might consider

=

the levels of earnings or status achieved by individuals in some social

system in which individuals enter™at different levels. Among other
. %

things we would be interested in how the parametefs of the dynamic model

determine the anduraﬁcé of initial condition e.g., point of initial

\Ll’.’l

entrv. To do this, solve (5) over the period (0,t) to obtain:

Y

1)
O

ERIC
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() = ~at e o) + e Xy - gixlce?kt-l) - xRNy T (s

=kt ., K % U =kt | .
e Y(D? = fa + clxl + .. . ? €5 XJl (e =1) .

but the quantity in brackets is just the equilibrium level of Y(t),

Y . So we can write (8) as
a L . ) )
v(t) = e X% v(0) - (e

e* vy + (1

k

1y, - : | - (9)

=kt r
e )Y ,
E E

%

So the level of Y at any time is a weighted average of the starting level

and the steady state. The weight given to histgfyi that is to Y(0), goes to '

ZQEE§Q%§S t = =, But notice that the weight also depends on k, the speed of

adjusaﬁe;£%§3f§meFer, For k close to unity, the effects of Wistory
recede quickly. FG;:E%CIDSE‘tD zero, the effects of history hold éver ruch
longer periods. E

Canéider what this implies for mcbili;§ tﬁfﬂggh status structures.
If two individuals with identical fixed charaéteristicé%éﬁter the
opportunity structure at different levels -- due to discfimiﬁatiéﬁj luck,
etc. == this initial difference will persist longer in systems that have
high "opportunity" in Sérensen énd Hallinan's usage.

Of course most erk with ésrtial ad justment models gives priority
to the causal effects of exogenous variables. And in the partial
adjustmenﬁ model consideration of such effects requires that we clarify
the inﬁerérgtatian of what we have called the criterion, Y*(t)@ This
is sometimes equated with the equilibrium @fgthe system (see Land 1970;
Humﬁan,.Teutét; and b&riaﬁ’l??E). From (4) it is clear that this Y

e L ;
interpretation fits the model. That is, setting (4) equal to zero

=

L



i
¢

gives Y(t) j Y (t) as the Equilibrium relationship. ﬂinetpeless,we judge

that this integprezatinn is not helpful more-generally! As we see below,

\
both for maﬁy systems models and also for many nanlinear 51ngle Equatian
r

models, no equilibrium exists, or it is at least prcblematig whether Qr'qﬂt
; : M ) £ : . £
; . : ) . ; - SHR T i

a system will reach equilibrium. In such cases, it is not useful to con-
| i ‘ -

ceptualize causal effects in-terms of equilibria. The treatment of the.

single équation-zase shmﬁld be consistent with that of systems; therefore,
| %* . S ) . . ) N "

we argue that Y (t) in (4) should not be defined as the equilibrium
i -

“a

level of Y.

: s * . o
The altérnative is tq define Y (t) as a property of the structure --
more properly of the inteéraction’of .the structure with a particularvans
vironment. Then the ¢, are to be thOught of as a set of*parameters of
i . oL
%

the process, not an outcome of the process \ &

=

For concreteness, consider the modern formalization of the concept
of the niche of a specier in some environment. If the reproductive success
of some population is constrained by, say, N environmental factors (e.g.,
climate, food supply, density of various predators and competitors, etc,),
then the set of points in this N- dlmEﬂSiDﬂal space within which reproductive
success éxgaedsfscme minimum value is called the niche (HutChlnSGﬁ 1957).
We usually WlEh some compact repregentatlgn of the niche and thus formulate

functional representations of the dependence of reproduftive success

-- and thus population growth

- on the levels of environmerntal factors.

Then Ehébparametefs that relate levels of environmental variables to
j

fitness or reproductive success are aalled the paramete rs of the niche.

In the model we outlined, the ¢, serve the same role as niche pa” eters.

Aruitoxt provided by Eic:
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- the chrrylng capacity are subataqtlvely 1nterpfetab1§ even im con-

.-and Ehe system will not hit the Equlliﬁﬁium, A ] -

L

. = = » ’ ' . -
, : \ . ,
And, thg Y t) abtainéd given some realized 1evels of thE set of XJ L

3 L =

It is impartanﬁ t@ see that the niche pgfémeters and

H

ticular sbecigs~
\

LI

+ )

i

"dltlﬂﬂs under WhlEh the populatign will not reach the éagryiﬁg capaglty

& - 4 i

'Df :ﬂur se, there are other nys to 1nLE£%ret Y (t) without relying

on .an equ;1¥?r1um int p ation./ One generi: apg#sach is |to intfoduce
A .

the nafE;n of the goal.of a systém._ If we are EQﬁSldEflﬂg fcrmal
organization, Y () may be the QbJECthE to WhlEh the a'ganlzaticn

is committed. Alterﬁatively, ff we wish to adopt ratlgnal

i

maximization model jjwe ;ight dEfiA{ Y'(t) as the utility mé&imiztng _ o
leveidoflf éi h préferaﬁces‘apd‘gbjecﬁive,ganstréints (pri%es, égéi)f

In g;therqcaggj Qefassume Eh;tﬁéurpéséful act@fs Or" organizations run B l
by purposeful ruliﬂgxgoa;igioné wiil seék té ad just iut:amesiﬁ@ clasg

B

3 - . . * = . “
the gap’béﬁwaen the objective, Y , and reality, Y. Again, we stress that
; Jeeh &0 ;
it is meaningful to use this conceptualization even when thE:ébjEC iv

is unreachable and 'no equilibrium exists. -

, ' ke i &
10.3 Time F s of iChange Integral quations - /{/ . T

Time Paths chGhanges

H [

L

In a ﬁantinuaus tlmE formulaclon, rates of change are not DbSEIVEhlE}

Thus the differential equations do not have.direct empirical implications.

"To work towards empirical implicaéi@ns we must solve the differential

- N
equations subject to some baundaryfcandltLanQ to obtain the more '

e F

com mplicated integral equations. The latter d&scribg the time paths
) oL ; on

e,

3
i

¢ .
of changes in observable quantiti s implied b& the model. S@'ah intermediate

3

=

d
ad
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i ' : ey

Y =

step in empifigat» ﬁvalves thalﬂiﬂg such L;Eegral éqqaﬁiansl

- N
~ #

The sglgtian ta;the Ilﬂéatidifferén "1 equation in (2) when the {

.. 3 . :
v
1 af21f§nstant cvef the entire periad of analy515 has’

. ex@gencgs variable

. ;~ .

-

; - . %
E) Here wa ccnsider the g eneral ‘case.’'

already beensﬂisplayeﬂilh,y

LEE us write tge model more generally as S ' -

1L . dy(t ’33_! = = i, i : o
: G a ;Jﬁy(g) + f(s);} o _ . (10)

and whekxe f(t) is some 'function of tiﬁe!and the initial condition and ‘' . .
. SN » : . ; . ¢ z ) . . . g!
Y(tg) =Y. _‘ | : \ ; ,

" .The solution of (10) Dbtalnea by Lnﬁegfatlng from’ ty to ¢ is

Y(8) = a(e eP(E-EQ) 1y 4 b (e to)y +;[ 2t esws  an,.
: ‘ %o : °
L . : P

Depending on the functional ferm chosen for f(t), this Equgglan may be slmpllf;ed

\ - ‘ _ .

further. For example; in the zase in which the causal factor is constant

M
o

for alllg, then ‘

i
"
I

over the period of interest, f(t) =

\Mm

bAL bAt
a

Y(t) = (e -1)X ¢ (12) :

mhgfé wa let At denote t-t, as noted earlier., Notice that Y(t) is a ; .
linear function of lagged Y and of X, but that the coefficients are hx ]
. _ s J s
complicated functions of the dynamic parameters -and of elapsed time|l This
: . . %

suggests that we treat . (l2) as an estimation equation, that is estimate:

-8 +B vy 4B x : A
. Y(t) = ao +=51Y§ + sz -_ : (13)
and use estimate of the B's to recover estimates of the dynamic para-
. A . . ’ Cw ) ' ' -::‘t e
meters (see Colemant 1968), ' * "

.This is a good opportunity to demonstrate the advantages of EGﬁ%i%uDuS‘
Con £
s L

time models for processes in which there is no inhercat lag structure’
s ks ’ -
Only in a CDnEiﬁuEuS tlma framework cgn one meaningfully compare estimates,

from studies that employ different time lags--due usually.to differences in

5 f W

e
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T . S A .
£ ¥ = Lo N ) N = H : s

) - - . ' 2 E i *
availability of*data. For Examp}e, suéﬁoééaaﬁe_:eseégnher analyzes data
. 7 . %u" ]
aqﬁearnlngs at pqints spaced one year apart aﬁd anather resear:her uses
TR = =

t

'a data set in which Ehe GbSEfVafiQnS are spaced Ehree years apart 1f

. k -
therg is offo natural preference fo any pafticular Eihe lag in an
. analysis® of growth in &aﬁgings*gg would want! to convert the two analyses

- 5 |
T .8 R T : A
f* kiﬂtQ'thE;SangmEEfié. Such a conversion would be'mnecessary if we wished to
- bl A/ ) . .ot <, . -

andlysis of the factors affeating,changeélfﬁ éérnings we would want
4 B N

to convert analyses with threepyear lags" 1ntgthe same matflc as
~ ~ | oA .
analyses with one year lags. This-would be EEQES'ary if we wishéd to L

contrast the process in the twagpopulatiané studied Suth comparisons
. % . N i’ ) = . ¥ it -

are possible for the model we ard ccnsiﬂé€iﬁg'ss 4s well as for the 71
rémainder of the continuous-time model$ we comsider. Note
3 . , ‘ . .
» in eomparing (12) and (13) that 1nSli= bAt. So if the same process

. . ¢
’ . i in . .
- holds in-both systems studied, the natural logarithm of the autoregression

term for a three gar'lag wiil be three times that for a one year* lag.

1f this faElD does nat hold (WLEhlﬂ some sampling 1lmlES préfumably)i
we would conclude that the parameter}"af the process differ across

ol

- .

sySEems.

Alternatively, we can exélgit the relations between ( 12) and (13)

to use data with dif ferent lag éttuct es.to estimate -a° single dynamic
’ : . / o

model. We treat this menrtént problem in Part III{

:

: k‘
. An megrtanc cgmpllcat;an in e;tlmazlng integral equations is

that the Qausa%gfactgrsaaf interest are'rarély-cgnstant over the study
. _ - s , . \

period. However, as long as we can repxesant the tlmE varying behav or
of these.factors by some eas Dnably Tlmplé fupction of time, we can move
- ;7 ¢ g E .
from (11) to some form gultaﬁle igf empirical amalysis. Colelan (1968)
e . >

{ 2
s su g gests that it 'is often reasonable to RPPEDleatE the behav1af of the

2

. causal variables as changing linearly

from :{(co), te X(t). That is

Q | | .i . éi)
ERIC v '

Aruitoxt provided by Eic:
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CL v Tae e X(egh # X, - . »
5 e 3 ‘L\“ ¥ = L -
.o s 1‘; * "; i
or = . }C(E) XD + gi:ts t )* a PP

h Than;the Sélutlﬂn of the basic mcdel is' si;gﬁtly more Eampllcated

E Y(t) a (®2t-1y 4 gbécg(c )+ e ¢ bAE-lﬁ((t )+ ¢ (€051 -1) Bx(e)  (14)
‘ b oo X ‘é b b bAt ;..
= ’ : /

‘whe:e AXEE) = X(t) §=§3%

‘Note again that this model has a general form suitable far regress;mn A

27 . _ . .
analysis: . o . o , . o,
: LT & . - : . "= 3\ B . .
Y(t) :;_-BO;H* 51 ‘g(tp.) + Ez }i(;o) + E.Bg(t;;i ‘ ;{lS)
V . ‘ L ¥
4. € Linear Systems; ~ \ e
, o : \
Thearetlia% and empirical wark often concerns systams af coupled o
\\_‘ ptécesses_: Cansider a twa equati@ﬂ madel with negakive feedback “,}
. ; . r;" R \ ?
- | | 2
e 2+ (t) +b, Y, (t) 4+ ¢, X (16) °
[—— 1 11 1
dt . . .
F
- ¢ dY g’r’) B . x - . .  ae s 5
I = + - v . : 17
- 2 a, + b21¥l(t') + bzz‘fg(z) +’czx‘(§) ‘ , (17)
dt s . . - . ‘
4 : s . . o
- , o . )
- Thé!aﬂly'change from the model considered earlier isWthe presence of
+ . .
what might be called crgss%effegﬁ,@r coupling parametfers, bl? and b2 . In
this model the 1evel @E Y (t) affects %Elﬂ?? . both directly (through v
| 198 dy, (t) |
negative feedbaik) and indirectly by-afféciing ~2*" " and thus cht)x
. o L 7 . ) dt = = . = )
< which.in turn affects i?;ﬁg) . Consequently, the iségg-af stability is &
, dt ‘ - L ,
i more complex in such-models. It is not enéugh that feedggéf be negative

"as it was in the ﬁiﬁélé equation case. The system in (16) and (17)

has a stable equilibrium if and only if the sum of both ad-

justment parameters i

L]

negative and the cycle of feedback

\[‘ o
i,




- ——x - Y E
_ 7 éf% . _ . 19
“laz see Blalock
- 15 larger than the cycle af Cross- effe:ts bll 213>b12 51 (seeiﬁlaya:
A _ R
1969) ‘ for an 1ﬁtradu§tqry trgatment cf stablllty conditions). If this’
condition holds changes dampén over timei Dthéfwise :hfnges are
: ' . L T ) .
ampiifiedT and the system EVDlVEEétGWEFdS zero or iﬂé;ﬁity.
The Ew3sequaﬁlan caupled partlgl adjustment model is
. & »,;’V
F . .
| B are) L Ky [\Y"fm - Y, Ct)] (18)
L %ﬁfﬂdﬁ ) S
i) A A ) Jo-
. : dy,(t / o
R A kth ) - ,ol 7 (19
. . dt ‘ y
L . @ ! v
A (20)

S
¥ CE)

ﬁiay ( ) X, t) L '

i

oY)
& 7, 2 )
1f Ehg‘dependeﬁce of the criterion on observable variables is linear and

time—homogenous as we assumed above, i.e.,

- fe . ; 73’% '}!:‘ 22
: El(E) =a, + 1 (E) + ch(t) (22)
.Eg(t) = aﬁ + szl(t) + czx(t)f /! (23) °

then by substituting (22)  and (23) into the partial adjustment model
in Eng) and (19) we obtain edquations with the same form as the coupled

feedback system in (16 and 17). !

Again the only-difference from the single equation case discussed’

( _earlier is the effect of levels of endogenous or dependent variables on the

criterion of every othef dependent variable. Such effects have straightforward
: e

Lﬂterpfatatlan in a variety of concept ual schemes. ‘Two of the most famous

imon's (1957: C%. 3)

and R%%

Richardson's (1960) model of arms races. These models have been much

n\
‘l.ﬂ
i
~
]
r

: appLLLJLLDns of such models in the secial seienc

L]

Toces

‘l:'u
s
-
il
H
[»]
=
e
el

farmathatLQn of Hﬁmgn:’ (1956) agsount of\small

in the Ja21algglﬂal llt&fqtufa -=- see

EIL.
‘hn

wL\
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i
[
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isuppcsei as mentioned earlier;

<L \ L.

These systems‘modelstalso fit.the types of iﬁtérprezéﬁgcns we have-
DA j : s . .

that the

Bonsidered above.’ criteria are .
4 ~ i
< . set by. fatlunal?u%ility maximizatian Then this~model holds that the

RIC
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, 5 .
.., that real organizations use even more complex decisigﬂ—scrucguges;

g'tiﬁﬂal Leyel @f‘iﬂveszmant in some quantity Y 54y, depends on, the
. A : Mt
Y . s d J=, ) . B . 1

current.legyel of invest@®®ht in Y,.

5+ ‘For example,.tonsider the allocation

€

of time between work iﬂ éhe marketiand gﬁhgﬁ activiéiei:‘ Let Y:(t) and

d . .

(t) be” the..hours p er week of work of female and msle)headslcf the famlly

Then the model holds

\
that undéf some form of utility maximlg;ng, the =~ 4

supply of each spouse degends in part on the current labor

- ' i . -
supply of the other..: ‘
. ”»

organization

! and;YziEEEEE to two goals of

Or, suppose Y some

(e.g., quality of medical care and quality of scientific productfon in

1

a university hospital). Then the model holds that the target on each

dimension- SthtS according to. current outcoles on the other dimension. .
Thus even this Slmpl linear model may induce a faﬁher ;Dmplicated
. 13

dyﬁami; interdependence among goals and outcomes

“ Though we SUEPEEt

this

@

ot

goal seeking structures with multiple goals.

£

This strategy 'has the parti-

cular advantage of leaving goals unmeasured and thus avoi ids serious

methodological difficulties that beset comparative studies of measured

deviations from goals (see Hannan and Freeman 1977b).
N _

The situ more interesting when the model is applied to inter-

ation is

acting systems or subsystems. For example, let the Y's denote levels of

success .(e.g.,"size of orgamnizations, profits,

interacting systems or subsystems such as firms in a market, occupational
classes in an organization, ete. Then the b 's record the intumsity and

?
no

etc.) of several potentially-
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5. \ Integral Equati

As before we solve ggg initial value problem with y(to) =y

. . : L ! 21

direction of the consequences of the interactions. The pattern.offthese
- o j o v ) L ok, . .f ) , = s
coefficients is most. important. When bi and b2 ‘are both negative’, then 4

. , ) ‘ . ] - | ) K
; this is the case of pure competition. When -

systems are said.to compete

both \are negative, we ‘refer to-the pattern of .nteraction as mutualism.
i ¥

Lw

‘When iﬁ? isﬁp; itive- and the ather negatlve we have the" Sth;ﬁf_fElatlﬂn—

ship thaE Ehafacterleﬁ pfedatar prEy and hnst parasite interactions. -

This latter case typically gives rise t6 cycles of success. Wilson and
. ‘ a b, -

Bossert (1971 129-36) prV?dE a lucid elementary treatment of thE§3§§§mics
of ‘such interactions. Hannan and Freeman (1978j analyze the interactions
of growth in the sizes of personnel components in organizations, interpreted

-

from the perspective of competition theory.

\LI"A

for Linear Systems

- 7 ]

As before we must, integrate over some period (that corresponds to ob-

servation times) to obtain an equation with all observable variables. For
the system (or multiple equation) case we must employ matrix notation.

Let y(t) be the vectﬂr[(Yl(t),! s ey YNCE)]'and A be the N by N

kY

matrix whose ijth entry is the effect af‘Yj(E) on in(E)/dt, Then a
general model parallel to that used for the single equation case is

dy(r) A y(r) + £(t) ! (24)
de S

, e AP
solution (see Braun 1975: 484) is

B t , : I
. A(t-t COA(s—t) ., L ] ,
y(©) ™5 yow [ R e s : (25)
. . 0 :
'‘This has the same general form as (]1) but now we have to evaluate the

_ Adt o ,
anti-log of a matrix: e . The quantity is defined as

: Lt 2 2 % AN
EAHE =1 + AAt + AT (AE) + - - - ‘ (26)
: 5 . »
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- i ‘ i

A = '

A . ) i L Aét el . .
"However, only in eXceptional cases can e be expressed in closed form.”

There is naneﬁhéIESSFa'§E§sible strategy for estimating a system:

. - ) - i

of linear equations in observables and using estimates of éafameters *
Lo recover estimates of dynamic parameters. For simplicity we consider the

I a i -
case in which there is.only one fixed exogenous variable, i.e., £(t) = X.

Then,the relevant equations in observables are (

7 01 v ¥ ] !,
Y (t) =B 4B Y (0)+ . +B 0) + Y X o :
N;( ) on F Py Y0+ .. +-ENN ¥, (0) YNK

1

?1(t)%5,1+51l YL(D)+i . . +8B 7(D)+w’:

-
or in matrix form:

(estimation of causal efrfects is straightforward once we get A). Wewill only
& ’2'1 .

sketciffzhe general strategy here. Readers who have not encountered these

—

materials previously are advised to consult a text on differentia
equations. We find Braun (1975: Chapter 3) pafticularly lucid,
jBellman (1970: Chapters 10-11) presents in compact form tke necessary
rESults_faf thg simple case we consider as well as for less well behaved
cases.

Suppose that the endogenous portion of the system

dy(t) ;é\y(t) P w PR (28)

~ dt

i

where y(ED) Yo ’ )

has distinet roots (N independent solutions). Denote the.characteristic

roots or eigenvalues of A by Al‘ s e s KN' Now make a change of

Ly(t) where L is a constant nonsingular matrix. Then

variable, Z(t)
the equation for Z(t) is -\ ' A

.

O

ERIC

Aruitoxt provided by Eic:
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a

P

{er

dE

ééiil*; LELAL Z(E);

!'fa

SE

. 7
is we need to find L such that

because

2=

then (29)

dz, (t)
—1
dt

decomposes

o

L

%

= by 2,(e)

JE(kg) =L

T

[
—
r
L
]

Each of these equations has solution: Z, (t
i

But we know that Mi

of A.

It then follows

characteristic vectors

=\,
1

since the roots of

that the:

-1

Ji—vl\

or eigenvectors of A.

b
-,
Tt

1
Y0

'

AL are

W . LR o - L
> .our'objective is .to chose L such that the ssystem @f-equatipnsL

(29).

s will break *

=

_inta}Ndiﬁdgpendégt_equatians’@f Ehe type that we know how to handle. That -

" the form:

the same as

of L must be the

It is then easy to

show that
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So~the strategy is clear. Ccmparing' (ﬁ?j with (25) ﬁe;aae that
Ty . ’ o A
B;f_EA(Eftﬂ). So we estimate B’ and solve for the eigenvalues of B. If
# . . . F .

Ehiy are 311 distinét‘ the str egy Just autllned goes thraugh We can
o A(t-ty) A, (e-t)
# :alculate the elements on’ the. main diagoﬁal of e ( é*j )
" LA A
e whezegkj is the jth root of B. Then by finding the eigenve;ﬁérs‘of B

ve can use (30) to solve faf the @ffsdiaganal'éleﬁéhts.

- T If thé roots are not aistiﬁét we must use a more campléx procedure. °
, f fBraun (r§75: 466-7) outlines the prCEdufE by WhlEh we can usually fgrm N

independent solutlcns to (28) fram j =N dlStlnCE Elgenvalues Thus

i

the general strategy maﬁgstill be applied. qz/_
; o \

Finally there is the case of complex roots, For each ‘complex .»2
L)

root we abtaiﬂ two solutions to (28). However, as long as A-is rea

these :omplex rcats must :péeaf in conjugate péifs. In this case we

S

T eén always cangtfugﬁ é;athaf‘fuﬂdamentél set of soluti@hs_to (28), all ' g,
of which éfE feal=yaiuédi The method is autiiﬂed in Bg§ce‘andéDi Priméag; ,
(léﬁ?é LS).= ihus, agaihlthé general Strategy’may éléc‘bé applied to
‘this casg,-afﬁgr some manip@latlan ﬁéaderggéisﬁing to handle the{mote
camp%ex pchibiligies mentioned in pfevioué,pafégraphs should éansult the
référén;as cited. | |

i

o B . ’ : a
# : . ¢ Tow
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'égiréaﬁgarisons With _Some Hidely Used Alternat;ve Hgdels

In this sestian we eantrast the linear mgdels just dis:ussed paré'
i

ticularly the partial Edjustmént model, with some ma&éls that  are widely e

used in the social and biologicdl sciences. Such‘gompaﬁisais afford a

'deeper understanding of the ﬁtility of linear 'models as we;lfas the-

need to consider nonlinear gene:alizatigns_
o i

We bcgin with the s;mplest model for the diffusion of some itcm

(1nfafmati§n5 a d;sease bearing organism, a Eultural;trait3véé;;);

Ehrough av§ixed population. Suppose that the item di ff ses from a- fixed

source and that individual carriérs cannot tramsmit it. Then the usual
model for the rate of diffusion is (Coleman 1964):  , .,

) g - k(o))

where X(t) is the number of cakriers at time t and N is the (fixei) size

(31)

of the population at risk of ?;qgiring the item. The niodel holds that in

~eagh period of fixed length the same fraction v of thbsebstlll at risk

will aeéuiré‘the‘item_

This model of diff%sipn frgm a source in a fixed population bears
a striking similafity EQ.Ehe pa%tial ad justment model. Howevezi'thej
latter is more general in two important respects. First, in ﬁha diffusion mééel
Ehé'zeilimg N is a fixed parameter. In.;héfpar;iél adjustmént model,

the criterion,or target may be treated as a variable affected by
S . ] ) .
' enﬁircnmental parameters and is subject to its own dynamlcg. vDﬂLy when ¥
é?
the env;rcgméntal parameters ‘are fixed is the CflEErlDﬂ also a flxed para-
: .r ‘K '
metéf in i:e partlal‘adjustmant mudel The second difference concerns applica-

4

bitity to

lecline processes. In the diffusion model, negative growth

4

a

28
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.down towards the new léwer criteriom.

26

a . 4
i

- 1s not. defined; by definition the number acquiring.the item cannot

wF I3

A exceed the poEulaEién size. In the partial adjusti&nt model decline

B . 3

yisﬁwell defined, Environmental variations may drive dcwﬁ thatériteribn

in .any period. Then the partial adjuétmént model implies adjustment !

o

-While the model of diffusion from a constant source somctimes fits

well (Coleman, Katz and Menzel 1966), time paths of diffusion often
exhibit an Séshapé-’ That is, the ifli;iga 1 rate of diffusion is smaii; -

then  speeds up at some point, and £ ina liy approaches some ceiling

ésymptazicélly. A simple process.that generates such dynamics can be

formed by combining diffus%pn from a constant source with transmission

- - between individuals (see, for example, Bartholomew 1973: 298-307). To

include transmission betweén individudls in the model under discussion,

define w as the intensity of transmission between individuals or the »

-
»

strength of the inter-individual transmission praéessi~ At any time t -
there are N-X(t) individuals who have not yet acquired the item and K(E§
who have. Of the N(N-1)/2 pairs of individuals that might be formed, X(t)[N-X(t)]

consists of one bearer and one non-bearer. If the pairs form at random in. the

-population,, the eéffect of transmission between individuals on the rate

of transmission will be .equal to wX(t)[N-X(t)]. Thus a model that .

combines the two processes has the form:

&

L) = (v + wX(OIN - X(@®)] 255 e NG

And this is gimply a form of the well-:known ;ggigticrmédgil 4
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3 . SR L , :
In line with our previous discussion it is natural to generalize
: o : < : '
this model to the case in which the criterion depends on éxogenous
L # ) ) : ) ! . '
variables. This gives a logistic model with )
dX(t TR SRR | iy
SKCED o v +wX(OIX(6) - X(©)] . - (33)

.The most impartané thing to notice about this model is the manner in
which it generalizes the adjustment process. In the linearipaftial ad-

justment model, the speed of adjustment is constant. In the logistic
us : : : : , .

model, it is

1§a;§jde endent. That is, Ehe[spEEdAcf_adjusEmgﬁt, v +w(t)
S ' ' . o ' N : -
rises from approximately v when X(t) is very small to v +wX (t),
as long as W isspgsitivé,. . , B Sy

@

It is instructive to build a logistic model from an alternative
perspective. . A somewhat simplér form of the logistic model is the

s

‘standard elementary model for the growth of a closed population in a .

finite environment. The model is motivated as follows (for a fuller

discussion, see Lotka 1925; ‘ ‘Wilson and B@séefﬁ 1971: 16-19, 93-104).

Let r denote the so-called intrinsic 6r natural rate of increase of a
. . kd
[l * .
. population. By definition r equals the difference betweeén the birth

"and death, rates when there are no ‘énvironmental comstraints(i.e., r reflects only

phySiclagi@al-:énst:aints)i We yrite this as r z-bé - db;i In a period of

length At, the incteasé (or decrease) iﬁ‘ﬁapulapian size is chenggivén by
C U X(E 4 AE) - X(E) = rX(r),

:]Q(E)_ o | - (34)

or letting At = O

(=9

X

[~

dt

That is, the per capita growth rate is constant:

X dt  °




, y *

“This is just the usual compound interest model that generates exponential -
’ ;pﬁpulatian grawthg ‘Ta séevthis 1nﬁégrate (34) 1ui§hithé iﬁitial con- - il!:»
dition X(0) & X; to obtain | . o R .
X(e) = o X, F Y 1))

. Ihus,'éhé pgéulatlan Qizhéf grows exponentially when r° is pcgitive or
. . -0 .
declines to zero when ¥ is negative

But when the enviraﬁmEﬁt contains finite resources; or the carrying
capacity is finite, the populatian cannot éxgaﬁd expanentially for any ex-

tendédrpériédi New members of the populat;@n must compete with existing

members EQIHSQSKEE\EESQUECES and the rate of regrqductian'falls'balow the - *
physiological maximum. For a number of reasons both birth rates and death

'faEES ordiharily.dapend on the density of the paéulatian Hﬂfe pEEEiSEIy, evolu-.
tian tends to favor species w1th density-dependent v1tal rates. The rate of
_ ; .

ngtural increase r ln;faduced earlier is the difference between the physiological

maximum birth rate bD and death rate'dD, Let us’ introduce the simplest f'fm of

ﬂeﬁsityfdépendEﬂceg LEE the birth rate be b = kb (t) aﬂd the death rate be

doﬁakdx(tpl That is, the addltlon of gaﬁhzmember of the population decreases

the birth rate by kb "and increases-the death rate by: kd' The growth model becomes:

9 L

iﬁ—'il ([b -k X(8)] [d + k :{(t)]>1<(;)

. ] = s 7 - ‘d, - . _
As before, we let bD 4o T 5
this model is

kh'+1\ . - .
’ T LY

usually called the carrying capacity. Leﬁziﬁg K denote the carrying capacity,
the model may be writtem in its more common form:. .
s ' RSN

L ey [ R (36)

o
-



=ZF

Alternatively, if one daes nﬂt wish to define madel patameﬁers in.

T

terms of the stéady-state, one may simply pastilate Eh&xmn¢gl in (35)
J
vThe_Egrm in bra:kets varies between zero and one. It is zero.when thé‘

population size hits the carrying capacityvandbpagulatiaﬁ growth stops.

F8

: I1f the éafrying capaéﬁéy falls below the pnpuiétién size, the term in e

brackets is negative and the’growth rate is consequently negative.
B 7 i - v . rr Nﬁh.;; ) . s ) = ».
When the papa%?tign is very small, the term in brackKets .is close to one

.

and papulatiﬂﬁfgrthh is appr@ximatéi}?éipahéﬂtialg;
Note that the model for logis@ia gnpulaglgn grcwth may be re-
written in the same fofm as the %mdgl fér 41ffusloﬁ with inter=iﬁdl§idual

r/E (and, of course v ; 0). Cléariy both models'

1 tfanséissian with w
contain an ElEmEﬂE missing fram the linear partial aﬁjustment model,

: namély,: iﬁté:aczigns“amaﬁg units in Ehé population. vBélDW wg ca&sidﬂr .

* this di%féfehée m@re'th@raughlj.: ’

LQELFE;C medels may be analyzed by the mcthcdalmﬁy we prapage " As

‘usual we mgst form an lntegral equation, solving (36) Subge:t to the

ln;ﬁlal candit;an.XCD) D' This gives
X(t) = X, '
— T fr-t ) ' (37)
£ Xy + (- X)) r(t-t,) -
K i K . ) .4

‘And (37) may be estimated by maximum likelihood, as we show in Chapter 1D,

=

i?
The loglstlc grawth‘gmdel differs from the linear paftlal adjustment

model in that it contains the multiplier:

iy,

Clearly as the population size approaches the carrying capacity the multipliéf-

approaches unity and the two models converge. Thus they imply similar
dynamics in the neighborhood of carrying capacities. B ut when the population
is far from.the carrying capacity, thefgrawth rate of the logistic model

N
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is smaller than in tﬁE‘paftgal sdjustment mndel (aﬁd by implication,

.the model ‘of diffusion from‘a tonstanc source, Nonetheléss, the linear

P ’ l P

'and logisti: models imply similar dynami;s in ﬂecline (see Lotka
1925 '68). Fhe relatlanah%ps are sketchéd in Figure 2. *We see that
bath‘models imply negative exponential deeline to the carrying

capaeity of criterlong- But the dynamlcs cf-gfowth differ; The 1c§iatlg

«

model has an S—shaped growth path with maximum rate of growth atrK/Z.

!l . iy ) .
The, grawth path for the p al adjustment*madel is concave Efrém the

%afigin) w1th maximum rate of growth atﬁthe arlg;n Thus choice between

the two models matters most in the study cf Systems far below their
f : . ., K

carrying capacities. For such systems, the logistic gives smaller growth

] E
rates than the lintar -- sece Figure 2.
L
L: : " There .is. annthet useful approach ‘to modéling pracesses that have

5= shaped grswth paths Consider again the simple gfawth model @f (34):

r K(tji

We modified this fmodel to obtain the logistic model by makirmg r, the inérinsié'
rate of-iﬂe:éase, dependent on the state of the process. Undef some

"

circumstances it may be substantiyvely more meaningful to make ¢
- .. ..

time-de endgnﬁ; That is,.assﬂmé that the growth "constant' evolves over

the history of the process. One particular form of evolution of the

grgwéh 'eonstant" gives anafytically tractable results. Supp ose the

growth-rate declines exponentially with time, i.e:

U ear ; wv0, . | ~ %(38)
- Then, with {ﬂigial Ebnditicn r(0) = Ty Qe have
] ' T - : ,
] =t . o
r(t) = rye @ , (39)

and substituting this in the growth model (34) gives

::j‘ : -




ax(r) _ _ -at _ . Ve ' ' _ . a0y
. Tde . T T XE) T S : : . (60)

olut wi Q. "d;;,m — L e ﬁ?w,;, _

X(t) K ‘exp [—0(1 -e )ﬂ L T o (41)

“the so- called Gom'ertzéi

rcwth 1aw. This gives Sﬂshapéd grawth to the ce;ling,
KD e *0/o {wa see this by lettlng t = e2in (41). Hawever unlike theé

logistic model, the process daes not have'a symmétric S-shape.

-We can write the process modél (34) and :za) in a fafm,that,sha%s more -
,cleariy its'rela;inn with ﬁadels dis cussed pr iously. Let us SEE’?(E) to

denate the carrylng capacity unde: the Gomp tz law, i. E., the papulatlon

L 1 T .
size at ﬂhich Ehe,grﬁwth rate is zero. As nmzed,abave x(Q) = XD Q/Q_
Then it fgllgws4 that the Gampertz law is aisc the solutign of:

o _(._l}, 352 = @ X(t) log Ef(t)]xctﬂ ‘ A | (42)

That is, it ;s the usualﬁéxp@ﬂénﬁial gtawth'médel with a muléipiiéri
When X(t) is smaili'the multiplier is.large andﬁgnsitivei As the

p@@élatidn appfga;pés X, Ehg multiplier appféaches zero, ?inaLIy, in .
. s -

' ;his formulation, decline is weli.defined If the pﬂpulatlan exceeds X

the multipllar -~ ‘and thus the growth rate =- is ﬂagatlve

# K
] =

When X(+) takEs on only posxtlve valig and the natural lagarlthm

v . a,

of X(E) is well defiﬁed WEocan shaw the felatlgﬁshlp of the Gompertz

‘model to thé 1inear partial adjustmeng model in still another way. Let
Y(t) = log X(t). " Then (42) bécamés
: , Y(t Y(t); ¥(t. :
geX(E) _ag¥(E) o ¥ FRIOH .
dt ] ‘
eFlay _we¥(™) (F(e) - v(e))] ,
dt
. . . & - : '
&  or - dy(t) _ o [Y(t).-- Y(£)] - o e , :
. : dt ’ _ cT K“’K&‘ ;gc
) . o : - ) o Y y
So for positive variables, the Gompergz growth law expresses 1l§§§5\
) : : E AR AR Y
~ partial adjustment in the (natural) logarithmic scale. N
& i . . .‘,‘_ g ) N J
3 io
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4 -—wﬁ—hEVE”Eﬁﬂsidereﬂ—three—mudeIing‘stratEgies——'fhE—ftrs:,

_linear partial a@justment assamés that aﬂjustment to environmental t:ou—x
. .
ditians “is independent of both the state: of Ehe=sy5tem and of time (except,

i = i

af-cgufsej as“the‘eﬁzira*,enﬁal z@ndicigﬁ;';hemSElves change aver tim&)g
The first gEﬁ3faligatién of this model introduces an_eleﬁentéry form -
of s:ate dEPEﬂdEnEE in the adjusgment parsmeter. When the adjustmenﬁ

paramEEéf_is_made to depend_lineafly on the state af the systém ve

¥ . i

!_dbgainaa logistic growth model. The second generalization intrbduces

ﬁé&me dependence, namely the growth constant is assumed to decline
5;_. . S* N

-

exponentially with time. Presumably this reflects unobserved causal

& -
L]

praceéées, In fitting the G@mgeftgrlag,ta age at first marriage in a
cohort, Hernes (1972) assumes. that attractiveness as a mate declines

exponéntialdy with age. Pitcher, Hamblin and Miller (1978) in madelimg

! .
the diffusion Df violent events assume Ehat the rate at whlch individuals

&

become inhibiteﬂ from engaging in violence declines exponentially. --

. : , ’ 5
as individuals learn Qf'tﬁe costs incurred by those engaging in violence.

. X

Mora generally, the rate at which violent acts are initiated by decline

over time in some bounded system either because the technology of repression

=

On this interpretation, time dependence summarizes the unobserved
=L1 ‘ ‘ E € A

: act;ans of. the state. And it is then preferable to shift towards model- -

ing the response to violence explicitly. This strategy leads to a system

"conception of the process. One of the main drawbacks of the Gompertz modcl is

-
-
I
ju's
[
el
Lyl
=
o
e
-

in generalizing the model to handle syitems of interacting

becomes more effective or because the state concedes the matter under dispute.



T ”7'57mf'7f"’” T :¥'7 "7"7'l"7'”f' PR -
-‘uﬁigé éf papﬁlaﬁions.; Tﬁeilagisgié daés naé Sufférzsﬁch:iimiﬁétians;4
- And we nﬁu turﬂ attentiaﬂ -to Ehe gsystem ¢ ‘ far the lagistic mcdel
o :, TQE simplest pﬁssible éxtensian of the lﬂgistiébmgdel
lthe-sa—galled Latka -Volterra equatigns, foﬁEthE basis of almost all o

"Ghécret;cal work 1n populaﬁiﬁnuand egmmunity eﬂglggy! Ihis mgdel
Lntrgduces interdegendengé lnpéxaﬁtly the same manner as we d;d abqvé’.
fcr the' linear gartial adjustmenz mﬂdel Ehe Effect‘of'the SLzes of
other systems (papulatiOﬁs in this case) affects cﬂly the carrylng
_zapagity for a glven system. VFcrmally,‘let X E‘(Xl . WX ) be the é&zes

- of N intérazt;ng populaticnsl %or the ith population, assu%a that the -

ﬂgrawth rate has the form:

R 9 X, () - X, (&) . -
= !i:i- i S D o, (38)
) - ; I Kict) J .
.and that the.gétﬁying capacity is given by: )
e ) 7
: - +fe o+ o, R
¢ Ei.(t) WL(E) oy 1(E) t} + Ei,isl'% (t) +«a i+l° 1+1 )
- & . i ’ ' R <
g + g Xy(t). . (39)

fIhéugh this may appeafi; simple generalization, it is not. The system of

[ - ) i . . . ; et
equations is known to have a solution; but the solution has not

B B . &; iy
even for the case N = 2, Nevertheless we can deri¥e a number of

and important qualitative conclusiéns Erﬂm,this model. PGSSlblE SGQlDng cal
,. ‘ +
if these qualitativa results are explored in Hannan and Freeman

‘applications

! ) .
(1977a) amnd Hannan (1979). However, we cannot. employ the ge eral empirical
an§lysis strategy outlined to this point. Since we cannot write a closed
solution to even a small LGtkT—VDltEffa system, we cannot write direct

-
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estimation equations. Ins:eaa we show apprﬂxim?te the sysﬂhm with more
e " )
'tfactaﬁle equations.  We choose begin with the linéar partial adjustmént

model as an app;o#imatiaﬁ §ﬁncé it may be analyzed by availsble methods.
» - - L S S : LD
-As we noted above, the approximation is reasonably good®when systems are .
) B ) . . ) . - f s !Ci
not very far below carrying capacity,

" The foregoing analysis sﬁggésts that there is much merit in puréuing |

appliﬁatian%saf linear charge models. Not only do linear models fit

some general sociological perspectiVes, they also may approximate some

interesting classes of nonlinear charge models. With this motivation,

. . Lo E}

we henceforth restrict attenﬁicn.lazgel¥ to linear models.

7. ﬁ@ﬂ%@@@n YR -

WE have sugges;ed that the linea: stfuctural Equatlgn systéms so

often analy;ed by SDElGnglstS may p;gfltably be viewed as steady state’

outcomes of continuous-time éhange m@delsi Mﬁreovgr, Eempa:ai analys;s
of systems out of equlllbflum to estlmate parameters of such ahanga madels

affards deeper saclalagital 1n51ght into saclal structural prcaesses than
“is g;ven by canvgnzianal static structural aﬁuatian analysis. For examgie, .

it ‘permits separation of the effects of -environmental ;géiaticns'on[@ut-

iy

comes from the effects ‘'of internal structural arrangeménts on_the.speed
of ad gét nt. More generally it permits us to reldx or discard the
assumption that social systems operate close to equilibria, i : |

We concentrated on linear differential equation m:dels as they gi =

.rise to simple estimation eQuationsé We showed that such models have ricna.
SQéiglcgiéal,gfauﬁdingi In particular we reviewed two inte-pretations <t such

'  mﬁdels,:ﬁegativé feedback and partial adjustment.

.
™
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We then addressed the SQscalled system ﬂase, mpdels for" changes in
. - -
=levels of éeveral‘%pterdepenﬂent variables. Ihe “salutians“ af'sush gysﬁemé

. :annat be expressad in elased farm. waevéf, as. long as’ the maﬁfix of co-
f : ’-.;E‘sp N g% -
: Effiéients‘af’theléQQggennus part of the system are dlst;nct, we can form : \\4

?stimatafs of the parameterg of the change model. The approach we!cutliﬁed .
. . N O ) . - s , . = : .

'+ involves solving the characteristic equations and obtaining.eigenvalues.and

- . . o +

eigenvectors of 'the endogenous portion of ‘the éystam; We use this approach,

. repeatedly in subsequent ehaptérs. S \ o : ' / : ' ,
' & . CL
We argue that saclolggists not canfine theif attentlgn to linear E

A N

mcdéls for the study of change.' And we tfeat Ehé%gﬁmmﬂﬁ‘ﬁOﬂﬁliﬂear
B _ ; ") \

gen §l1 : é s of thre negative feagback or partlal aﬁjustment mgdels.

Ly
;

In p irt cular we showed thaE the tyilgal S- shaped path of Ehanges in davels may
'be obtalned by 21ther the 13515212 model or the Gompertz model. The

flrSE general;zea the linear mcdel by introduilng state-dapeniance in .
] .oon . :
' 'paramétafs, ' The Gﬂmpértz'm§d§1 1§tr§d9225ha simple form of;timEsdePendEﬂ:e

in the parameters. Thus these two siﬁple-geﬁefalizaticns.suggési‘a range of”

]
I'1'

rategies fof extend;ng the Smele ‘models that occupy us_ in most cf the

.”3 N - ] )

not é#anﬁhave a kncwn §QlutL§ﬂ; Thusf;t cannot be estlmated dlregtly 7

More cgmplex appfcxmatlun strateglés, beyand the scope of “this repﬂrt,

51w

.must be used. to cbtaln Emplrical EStlmatES of such systems It 15 for ¢

LI

this feasgn, *and nnt because*%a think thar g ar models are natufal

, i . S :
that we facus so much dttention on the linéar case. . -

o
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. oo : . - . Footnotes , . S i R ' '
1Hndels wi;h such 1ags are cammgn 1n zreatments of papulatlnn gruwth
with delays due to maturaticn. HDIE genEﬁally one may intrnduce 1ags " .
. _ﬁﬁ in ﬁhe impact gf envirﬁnmental EffEEES An inte:esting.;reatmént nfﬂgz : ‘
T
. ‘class of such’ mcdels is given by . . I - o
T . ) - : A
C T . o ¢ : ' AT el
T . 4 . . . e .--’
! E P\, . V X . - - - . . . * =
“Coleman (1968) notes that one may use both E and B to estimaze b,
C : T ‘ - - £’ ‘:;-V B . ”'-..‘ Ii-x
‘ Alternatively he suggests using consistenoy of esti @39 §*Gf b frcm B _ B
. . : : Fai T ;
and.E, zgzzestithé'mgdel. Note, hgweverg*thai one- is EEStlﬂg the madel
" and the £ t of thé‘apgrnximatign that x changes llﬁearlg w1th time. . .
- lé‘-‘ -,’- ‘-‘ H
BWE use the term linear mad:l t efer to madels that afa linear invs
O JE
paramaters.. We have already seen Ehat linear mndelsgg;ve ton-1irear .8 -
. gfawth path%; ,
see Rubinow {19?@ 288- 9) '
. ;-"'& e e v , ) . R . " e
. N . AN S
irse, such a decline in the fate‘may‘aléa feflectna‘gr@wiﬁg .
S E : ;}l .. : .”‘m{ )
.. <capacity by.state officials to praiéné such attempts. - More gené:ally,
'Jwﬁéé Tilly (1975) calls tha&r3pr§§§%vé pcwer of the state w1ll alsa exhlb;t
. ' ¢ ’ I £ . < .
'~ time dependence. : ) L o
-c‘-. ' N *, ot 11
1
>" f ’
v\ b L
; - S
& M S < =
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Figure 2. Logistic growth and decline curves illustrated (Adopted
N from Lotka (1956:68).
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